Since 1990, overall breast cancer mortality rates in the United States decreased 24%. This decline has been attributed to mammography screening and adjuvant systemic therapy. However, the efficacy of these modalities may depend on estrogen receptor (ER) expression and age. We therefore examined breast cancer mortality trends in the United States according to ER status and age.
INTRODUCTION
Breast cancer mortality in the United States peaked in 1989 with an age-adjusted (2000 United States standard) mortality rate of 33 per 100,000 womanyears. 1 Thereafter, mortality rates declined 24% to 25 per 100,000 woman-years in 2003. Mathematical models and clinical trial results suggest that mammography screening and adjuvant systemic therapy are largely responsible for the overall decline in mortality. [2] [3] [4] [5] However, population-based mortality rates in subgroups of breast cancer patients have not been systematically described. Mammography screening preferentially detects indolent tumors, a disproportionate number of which are estrogen receptor (ER)-positive. 6 In addition, ER status is a clinically important predictive factor, forecasting response to systemic hormone therapy as well as to chemotherapy. 2, 7 Age at diagnosis is another potentially important predictive factor. 8, 9 Therefore, we hypothesized that national trends in breast cancer mortality may vary according to ER expression and age at diagnosis, as well as other variables such as stage and grade at diagnosis.
To examine breast cancer mortality trends in the United States according to these factors, we used the National Cancer Institute's Surveillance Epidemiology and End Results (SEER) program. SEER is a consortium of regional cancer registries with meticulous and consistent data collection and standards. SEER rates are considered to be nationally representative. Using SEER, we evaluated national trends in overall mortality, trends in incidence-based mortality (IBM), 10 annual hazard rates for breast cancer deaths, and relative hazard rates according to ER expression and age at diagnosis. In doing so, we hoped to elucidate how improvements in diagnosis and treatment have impacted outcomes in major populations of breast cancer patients.
PATIENTS AND METHODS
Breast cancer incidence and mortality data were obtained from the National Cancer Institute's SEER program, SEER*Stat Incidence 11 and Mortality databases. 12 We analyzed invasive breast cancer cases in SEER's 9 Registry Database, diagnosed during the years 1990 to 2003. The 9 Registry Database included tumor registries in Atlanta, GA, Connecticut, Detroit, MI, Hawaii, Iowa, New Mexico, San Francisco-Oakland, CA, Seattle-Puget Sound, WA, and Utah. We selected only the first matching record for each SEER breast cancer case and excluded cases whose reporting sources were only from autopsy records or death certificates.
Breast cancer cases were stratified by ER expression. SEER has collected ER data since 1990, but does not record the method of hormone receptor assay, although immunohistochemistry was likely used during this study period (1990 to 2003) . Each SEER registry extracted ER information from the medical records and recorded ER expression as positive, negative, missing, borderline, or unknown. We combined missing, borderline, and unknown data into one group, designated as other or unknown. We excluded ER other or unknown from most analyses given that ER unknowns tend to follow ER-positive patterns (Table 1) , as also shown in other studies. 13, 14 Tumor characteristics were categorized according to tumor size (Յ 2.0 cm v Ͼ 2.0 cm), lymph node (LN) status (negative v positive), and histologic grades (I, II, III, and IV). Stages I, II, III, IV were defined by SEER according to the American Joint Committee on Cancer (AJCC) staging scheme third edition.
15 Grade 1 consisted of the well-differentiated tumors, grade 2 was moderately differentiated tumors, grade 3 was poorly differentiated tumors, and grade 4 was undifferentiated or anaplastic. 
Statistical Analysis
We calculated age-adjusted breast cancer incidence and mortality rates, using SEER*Stat version 6.2.3 (http://seer.cancer.gov/seerstat). Rates were expressed per 100,000 woman-years, using the 2000 United States standard. Relative incidence rates for high-risk compared with low-risk tumors were expressed as incidence rate ratios (IRR).
We obtained IBM rates using SEER*Stat version 6.2.3. IBM is a statistical tool for calculating population-based mortality rates according to tumor characteristics (in this case, ER expression). IBM represents the cross-sectional mortality rate in the population as a whole for a given tumor type in a specified calendar period. 10 Consequently, IBM reflects the combined impact of cancer incidence, case ascertainment, and treatment. Because ER was not recorded by SEER until 1990, all cases diagnosed before 1990 are ER unknown. Therefore, we defined IBM rates using a moving 5-year calendar period starting in 1994. For example, the IBM rate for ER-negative tumors in 1994 equaled the number of ER-negative breast cancer deaths during 1994 among women diagnosed and reported to SEER with ER-negative tumors during 1990 to 1994, divided by the corresponding population in the SEER catchment area during calendar year 1994. Similarly, IBM rates for 1995 represented deaths that year among patients diagnosed from 1991 to 1995, and so on. IBM temporal trends were assessed as annual percentage changes using weighted linear regression analysis, with the weights given by the inverse of the variance of the IBM estimators.
To assess trends in breast cancer prognosis, we used spline functions to estimate ER-positive and ER-negative hazard rates for tumors diagnosed during 1990 to 2002 and followed through 2003. 16 The time period 1990 to 2002 was stratified into two 4-year (1990 to 1993 and 1994 to 1997) and one 5-year time period (1998 to 2002). Hazard rate curves showed the instantaneous rate of breast cancer death in a specified time interval after initial diagnosis among women who were alive at the beginning of that time interval. We modeled hazard curves using cubic splines with joinpoints selected using Akaike's information criteria (AIC). 17 We constructed 95% CIs using bootstrap resampling. 18 We tested for changes over calendar periods according to ER expression, using Cox proportional hazards models. 19 We also used Cox proportional hazards models to assess relative hazard rates of breast cancer deaths according to ER expression, considering both single calendar years of diagnosis from 1991 to 2002 versus 1990 and the grouped calendar years of diagnosis as defined above (ie, 1994 to 1997 and 1998 to 2002 v 1990 to 1993) . Relative hazard curves were adjusted for AJCC stage (I, II, III, and IV) and tumor grade (I, II, III, IV, and unknown), and stratified by age at diagnosis (ages Ն 70 years, 50-69 years, and Յ 49 years). Using weighted average relative hazard rates, we also dichotomized results among older (age Ն 70 years) and younger (age Ͻ 70 years) women.
RESULTS

Descriptive Statistics
SEER's 9-registry database collected data for 234,828 invasive female breast cancer cases, newly diagnosed during the years 1990 to 2003. ER-positive tumors comprised 77% all breast cancers with known ER expression (147,289 of 190,833 cases). Age-adjusted incidence rates were 3.3-fold greater for ER-positive than for ER-negative tumors (80.2 compared with 24.0 per 100,000 woman-years). Median ages at diagnosis were 55 years, 63 years, and 65 years for ER-negative, ER-positive, and unknown status, respectively.
Tumors with unknown ER expression were more like ERpositive than ER-negative breast cancers, consistent with the overall predominance of ER-positive tumors among cases with known ER status. For example, among women with ER-unknown expression, IRR for age 50 to 69 years compared with age younger than 50 was 7.6 (95% CI, 7.4 to 7.8), similar to ER-positive breast cancer (IRR, 8.5; 95% CI, 8.4 to 8.6).
From 1990 to 2003, breast cancer mortality rates overall (all breast cancer cases) declined 24% from 33 to 25 per 100,000 woman years ( Fig 1A) . IBM rates were restricted to ER-positive and ERnegative tumors, using a moving 5-year window (Fig 1B) . (Fig 1B; P Ͻ .0001 for trend) . IBM for ER-negative tumors fell a more modest 4% from 4.9 to 4.7 per 100,000 woman-years (P ϭ .22 for trend).
Annual hazard rates for breast cancer mortality according to ER expression and calendar period (1990 to 1993, 1994 to 1997, and 1998 to 2002) are plotted in Figure 2 . Similar to our previous report for a different study period (1992 to 2002), 20 hazard rates were nonproportional according to ER expression for all three time periods. In each period, ER-negative hazard rates rose to a sharp peak of 7% to 8% per year approximately 2 years after initial breast cancer diagnosis, and then declined. In contrast, ER-positive hazard rates lacked a sharp peak but had a stable long-term rate of 1% to 2% per year. Previous studies have shown that this sharp hazard peak is also associated with other high-risk tumor characteristics, such as large tumor size, positive nodes, high grade, and negative progesterone receptors, whereas lowrisk tumors (small size, negative nodes, low grade, and positive progesterone receptors) lack this peak.
14,21
During the calendar periods 1990 to 1993, 1994 to 1997, and 1998 to 2002 (Fig 2) , hazard curves for ER-positive cases showed substantial moderation, whereas ER-negative cases showed less improvement. For example, ER-positive hazard rates dropped 37% approximately 2 to 4 years after breast cancer diagnosis (ie, falling from 2.7% per year among cases diagnosed during 1990 to 1993 to 1.7% per year among cases diagnosed during 1998 to 2002). In contrast, ER-negative hazard rates declined a more modest 11% at the 18-month landmark (ie, dropping from 7.9% per year among cases diagnosed during 1990 to 1993% to 7% per year among cases diagnosed during 1998 to 2002). Overall, hazard rate declines were statistically significant for both ER-positive tumors (P Ͻ .0001) and ER-negative tumors (P ϭ .0014).
Figures 3 shows the relative hazard rates according to ER expression and age at diagnosis (age Ն 70, 50 to 69 years, and Յ 49 years) over time and adjusted for AJCC stage and tumor grade. In Figure 3A the relative hazard rates for breast cancer mortality decreased 4.23% per year among ER-positive tumors (P Ͻ .0001) compared with 2.12% per year among ER-negative tumors (P Ͻ .0001). In Figure 3B , the relative hazard rates decreased less among women Ն 70 years than among younger women. Of note, during the early 1990s, relative hazard rates among women Ն 70 years were actually lower than among younger women; and then relative hazard rates switched (or crossed), after which relative hazard rates were higher among older than younger women.
Relative hazard trends according to age at diagnosis also differed for ER-positive and ER-negative tumors (Figs 3C and 3D and  Table 2 ). Among women younger than 70 years (ages 50 to 69 and Յ 49 years; Figs 3C and 3D ), relative hazard rates declined 38% for ER-positive tumors (Table 2 , weighted average relative hazard ϭ 0.62; 95% CI, 0.58 to 0.67) versus 19% for ER-negative tumors (Table 2 , weighted average relative hazard ϭ 0.81; 95% CI, 0.75 to 0.86). Among women Ն 70 years, relative hazard rates declined 14% for ER-positive tumors (relative hazard rate ϭ 0.86; 95% CI, 0.79 to 0.94) versus no decline for ER-negative tumors (relative hazard rate ϭ 0.93; 95% CI, 0.83 to 1.06).
DISCUSSION
Breast cancer mortality rates overall in the United States have declined significantly since 1990. In that year, SEER began to collect data on the ER status of newly diagnosed breast cancer cases. Our analyses indicate that since 1990, women with ER-positive tumors have experienced greater declines in breast cancer mortality than those with ER-negative tumors. Furthermore, breast cancer-specific mortality has declined more among women diagnosed at ages younger than 70 compared with older women. Specifically, among women diagnosed with ERpositive breast cancer younger than 70 years, mortality from breast cancer fell 38% from 1990 to 1993 to 1998 to 2002. In contrast, mortality rates fell a more modest 14% among women diagnosed with Hazard rate curves showed the instantaneous rate of breast cancer death in a specified time interval after initial diagnosis among women who were alive at the beginning of that time interval.
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In addition, there has been some improvement in the prognosis of women with ER-negative tumors, though less than for those patients with ER-positive tumors. Again, improvements in the prognosis of women with ER-negative tumors varied according to age at diagnosis. In women diagnosed with ER-negative breast cancers who were younger than 70 years, mortality rates fell 19% from 1990 to 1993 to 1998 to 2002. In contrast, there was no significant decline in the mortality rates among women diagnosed with ER-negative tumors who were Ն 70 years.
We also considered secular trends in IBM rates, which complemented the relative hazard-based analyses described herein. IBM rates reflect not only population-based improvements in diagnosis and treatment, but also changes in incidence and case ascertainment. Using this approach, we confirmed a statistically significant decline for ER-positive but not ER-negative breast cancers (Fig 1B) . This decrease was identified despite the fact that the incidence of ER-positive tumors (and, to a lesser extent, ER-negative tumors) artificially increased during the study period due to a shift of ER-unknown to ER-positive and/or ER-negative tumors. Indeed, rates for ER unknown patients decreased 60%, from 36.6 to 14.5 per 100,000 woman-years. Were it not for this shift, declines in IBM might have been even greater than reported in our study.
Furthermore, we calculated the annual hazard of breast cancer death among cohorts of women diagnosed during 1990 to 2002 and followed through 2003 (Fig 2) . For any given patient, these hazard curves provide an estimate of the risk of breast cancer death at specific time periods after diagnosis. 21 These curves depict not only how the risk of death changes over time after initial diagnosis but also the magnitude of that risk. Thus, Figure 2 indicates that there have been reductions in the annual risk of death for women with both ERnegative and ER-positive tumors since 1990; although reductions have been substantially greater for those patients with ER-positive tumors. The peak in the risk of breast cancer death occurs about 2 to 4 years after initial diagnosis, and the magnitude of that peak is far greater for women with ER-negative than ER-positive tumors. Interestingly, hazard curves cross for ER-negative and ER-positive tumors approximately 6 to 8 years after diagnosis, which has important implications for counseling patients. That is, patients with ER-negative tumors are at much greater risk of recurrence and death during the early years after diagnosis, whereas patients with ER-positive tumors have a fairly consistent long-term risk of breast cancer death.
In the United States, mammography screening and adjuvant systemic therapy were widely implemented in the 1980s, and increasingly utilized throughout the 1990s. 22, 23 Recent studies suggest that these interventions are largely responsible for the declines in breast cancer mortality rates.
2,4 If this is indeed the case, then our results might suggest that mammography screening and adjuvant systemic therapy combined have been more effective for patients with ERpositive tumors than those with ER-negative tumors, and more effective among younger than older women.
There were eight randomized controlled trials that examined the efficacy of mammography screening, and meta-analyses of these trials indicate that screening reduces breast cancer mortality by approximately 25%.
24 However, it is not known if women with ER-positive and ER-negative tumors benefit equally from screening. Yet, mammography screening is subject to length bias, which refers to the fact that it preferentially detects slower growing tumors that exist for a longer period of time in the preclinical phase.
25 Thus, cancers detected by screening tend to have favorable biologic characteristics and a disproportionate number are ER positive, while aggressive cancers are more likely to be detected in the intervals between screening sessions (as symptomatic cases), and tend to be ER negative. 6, 26, 27 Thus, the greater decline in breast cancer mortality among women with ERpositive tumors might at least partly be due to earlier detection with mammography screening.
In the 1980s, several large trials demonstrated the efficacy of adjuvant systemic therapy in reducing breast cancer mortality.
28,29
The National Institutes of Health held its first consensus conference on this topic in 1985, and recommended multiagent adjuvant chemotherapy for the treatment of lymph node-positive, ER-negative breast cancer and tamoxifen for postmenopausal women with ERpositive tumors. 30 Subsequently, indications for the use of adjuvant chemotherapy and tamoxifen were expanded, after clinical trials showed that almost all groups of breast cancer patients benefited from some form of adjuvant systemic therapy. 31 Although the SEER database does not contain information on use of adjuvant systemic therapies, there is evidence to suggest that tamoxifen has played a particularly important role in fueling the overall decline in breast cancer mortality.
2,4,5 Indeed, the efficacy of tamoxifen in premenopausal ER-positive patients was first reported at the 1995 Oxford overview meeting, 32 and the sharp decline in the relative hazard mortality from 1995 onward in these patients (Fig 3C) might therefore at least partly be due to tamoxifen.
The results of our study also indicate that breast cancer mortality has not declined as much for women Ն 70 years or older. Yet, it is important to view the relative risk for breast cancer death in the context of mortality from all causes. Although older breast cancer patients may be less likely to die of their breast disease than younger There is also compelling evidence to suggest that the administration of adjuvant chemotherapy in older women can significantly reduce breast cancer mortality. 9 Thus, it is somewhat surprising that declines in breast cancer mortality rates were not evident among older women with ER-negative tumors in this population-based study. There might be at least three important reasons for this finding. First, in the general population, the elderly are less likely to undergo screening or receive adjuvant systemic treatment, thereby worsening their overall prognosis.
35,36 Second, older patients are under-represented in clinical trials, so their optimal treatment is generally not wellestablished.
37,38 Finally, novel adjuvant therapeutic agents, such as paclitaxel, have only recently been implemented in the treatment of primary breast cancer, 2,7 and perhaps have not yet had an impact on population-based trends in mortality.
A major drawback of our study is that it is descriptive, and we can only speculate as to why breast cancer mortality trends have differed among women with ER-positive and ER-negative tumors. Although we suggest that mammography screening and adjuvant systemic therapy largely account for the disparity, other unknown factors might also have played a role. Furthermore, this study is based on surveillance data, which has important limitations. For example, in the SEER data set, the measurement of hormone receptor expression was not standardized, there was incomplete or missing data on ER status, and the method of breast cancer diagnosis and treatment was not recorded. These limitations should be carefully considered because they could potentially have influenced the results of this study.
Nonetheless, population-based statistics represent the best summary measure of progress in the fight against breast cancer. Clearly, most breast cancer patients seem to have benefited from recent innovations, although the mortality in all groups remains unacceptably high. In the years ahead, additional emphasis should be placed on women with ER-negative tumors and the elderly, and larger numbers of these patients should be recruited into targeted clinical trials.
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